BACKGROUND: Trial of labor after cesarean delivery is an effective and safe option for women without contraindications. OBJECTIVES: The objective of the study was to examine hospital variation in utilization and success of trial of labor after cesarean delivery and identify associated institutional characteristics and patient outcomes. STUDY DESIGN: Using linked maternal and newborn hospital discharge records and birth certificate data in 2010e2012 from the state of California, we identified 146,185 term singleton mothers with 1 prior cesarean delivery and no congenital anomalies or clear contraindications for trial of labor at 249 hospitals. Risk-standardized utilization and success rates of trial of labor after cesarean delivery were estimated for each hospital after accounting for differences in patient case mix. Risk for severe maternal and newborn morbidities, as well as maternal and newborn length of stay, were compared between hospitals with high utilization and high success rates of trial of labor after cesarean delivery and other hospitals. Bivariate analysis was also conducted to examine the association of various institutional characteristics with hospitals' utilization and success rates of trial of labor after cesarean delivery. RESULTS: In the overall sample, 12.5% of women delivered vaginally. After adjusting for patient clinical risk factors, utilization and success rates of trial of labor after cesarean delivery varied considerably across hospitals, with a median of 35.2% (10th to 90th percentile range: 10.2e67.1%) and 40.5% (10th to 90th percentile range: 8.5e81.1%), respectively. Risk-standardized utilization and success rates of trial of labor after cesarean delivery demonstrated an inverted U-shaped relationship such that low or excessively high use of trial of labor after cesarean delivery was
T he rate of cesarean delivery in the United States had increased from 20.7% in 1996 to 31.9% in 2016. 1 Because uterine scar from a prior cesarean delivery may increase the risk for uterine rupture and abnormal placentation in future pregnancies, 2 the high rate of cesarean delivery has important implications for management of subsequent childbirths. For women with a previous cesarean delivery, elective repeat cesarean is commonly performed, with preventing uterine rupture during labor being a frequently cited reason. 3 In the United States, 87.6% of women who had a prior cesarean delivery were delivered via repeat cesarean in 2016. 1 However, cesarean delivery places the mother and fetus at increased risk for other morbidities such as surgical injuries, maternal thromboembolic and anesthesia complications, and neonatal respiratory distress. 4 The risks for placenta previa, morbidly adherent placenta, and obstetric hemorrhage in subsequent pregnancies also increase from repeated cesarean deliveries. 4, 5 Considering the overall risks and benefits, the American College of Obstetricians and Gynecologists recommends that trial of labor after cesarean delivery (TOLAC) can be an effective and safe option for women without contraindications. 6 Many nonclinical factors (eg, provider litigation concerns, hospital support, and patient preference) influence practice as well, 5, 7, 8 resulting in variable practice of TOLAC. A recent study reported the rate of vaginal birth after cesarean (VBAC), which we refer to as successful TOLAC, ranging from 0% to 37.3% across hospitals. 9 Nonetheless, the VBAC rate can be influenced by both utilization rate and success rate, 10 and hospitals may have low VBAC rates for very different reasons and hence require different remedies. Yet there has been little research This study aimed to understand variation in practice of TOLAC among hospitals in California and the implications for patient outcomes. We also analyzed institutional characteristics that were associated with varying utilization and success rates of TOLAC. The findings may inform ways to safely reduce cesarean delivery in this patient population and improve quality and efficiency in care.
Materials and Methods

Data sources
We used a data file with linked information from hospital discharge records and birth certificates on hospitaldelivered births statewide in California.
11
The file contained detailed measures on patient sociodemographic characteristics as well as clinical characteristics such as obstetric risk factors and outcomes, date and source of admission, date and disposition of hospital discharge, International Classification of Diseases diagnoses and procedure codes, and diagnosis-related group. We combined data from 2010 through 2012, the latest 3 years of linked data available, to help enhance stability of estimated hospital performance measures.
12 This study was approved by the Yale University Human Investigation Committee and the California Committee for the Protection of Human Subjects.
Study population
Our analytic sample included term (37e42 weeks' gestation), singleton, live births with 1 previous cesarean delivery and no congenital anomalies or clear contraindications for trial of labor (ie, malpresentation, genital herpes, placenta previa, or vasa previa). Gestational age and number of prior cesarean deliveries were determined based on birth certificate information. Singleton status, fetal presentation, congenital anomalies, and genital herpes were ascertained using combined information from birth certificates and diagnosis codes on hospital discharge records, whereas placenta previa and vasa previa were identified based on diagnosis codes.
We further excluded 33 births in which the mother was transferred in from another facility because we might not have complete information about her trial of labor status. Births with extreme values (<0.01th or >99.99th percentile) on maternal age, maternal AJOG at a Glance Why was this study conducted? There has been little research separately examining hospitals' utilization and success rates of trial of labor after cesarean (TOLAC) and their respective facilitating and impeding factors.
Key Findings
Utilization and success rates of TOLAC varied considerably across hospitals. The relationship between TOLAC utilization and success rates among hospitals demonstrated an inverted U shape.
Some institutional characteristics affect both utilization and success rates of TOLAC, whereas others were associated only with TOLAC utilization rate or TOLAC success rate alone.
What does this add to what is known?
Trial of labor should be encouraged at hospitals with low TOLAC rates, yet more cautious patient selection may be needed at hospitals with overly high TOLAC rates.
Strategies to promote vaginal birth should be tailored to hospital needs (eg, increase utilization rate or improve success rate) and characteristics (eg, enhance support for lower-capacity hospitals). 
Measures
We classified a birth as undergoing trial of labor if it met one of the following criteria:
(1) delivery method on birth certificate noted vaginal delivery, trial of labor attempted, vacuum attempted, or forceps attempted; (2) labor and delivery procedures on birth certificate reported prolonged labor, precipitous labor, induction of labor, or augmentation of labor; or (3) diagnosis and procedure codes on hospital discharge records indicated vaginal delivery or process of labor (see Appendix A). 10, 13 Among births that attempted labor, we further determined whether they were eventually delivered vaginally based on diagnosis and procedure codes and diagnosis-related group codes on hospital discharge records (see Appendix A) as well as final mode of delivery documented on birth certificates. 10, 13 For maternal outcomes, we measured a composite binary indicator for overall severe maternal morbidity (yes/no) as defined by the Centers for Disease Control and Prevention (see Appendix B) 14, 15 as well as the following indicators: uterine rupture (yes/no), peripartum hysterectomy (yes/no), and blood transfusion (yes/no). Newborn outcomes were assessed using an overall composite indicator for severe unexpected complications (yes/no) developed by the California Maternal Quality Care Collaborative (see Appendix B) 16 as well as separate subcategories of morbidities: severe infection (yes/no), severe respiratory complication (yes/no), severe shock/resuscitation (yes/no), severe neurological complication/trauma (yes/ no), and an Apgar score 3 at 5 or 10 minutes (yes/no). Additionally, we measured whether the infant was admitted to neonatal intensive care unit (yes/no). These maternal and newborn morbidities were identified using a combination of birth certificate data elements, hospital disposition status code, and diagnosis/procedure codes, with additional criteria on length of stay to capture significant morbidities.
14e16 To inform how TOLAC might affect resource utilization, we also assessed maternal and newborn length of stay for the childbirth hospitalization.
Patient clinical characteristics included maternal age, comorbidities (eg, obesity, diabetes, hypertensive disorders), and obstetric risk factors (eg, parity, gestational age, isoimmunization) measured using a combination of diagnosis/procedure codes and birth certificate data elements. These variables were selected based on clinical relevance, availability of data, and evidence from prior research regarding their relationship to birth outcomes. 13,17e25 The exact definition and measurement of these clinical risk factors are reported elsewhere. 26 Additionally, we measured maternal race/ethnicity and type of primary payer to assess sociodemographic characteristics of the included sample.
Hospital characteristics included teaching status and urban/rural location, type of ownership, multihospital system affiliation, level of neonatal care capacity, in-house availability of blood bank, and 24 hour on premises coverage of Percentages may not add up to 100% because of rounding.
a Less than the 10th percentile of sex-, gestational agee, and race/ethnicity-specific birthweight in the United States; b Greater than the 90th percentile of sex-, gestational agee, and race/ethnicity-specific birthweight in the United States. Original Research OBSTETRICS ajog.org anesthesiologists. We obtained these measures from the 2011 American Hospital Association annual survey 27 and each hospital's annual financial report, 28 supplemented by information from the California Perinatal Quality Care Collaborative. 29 In addition, using the linked hospital discharge and birth certificate data, we measured each hospital's annual total birth volume, proportion of its live births attended by midwives, and proportion of live births covered by Medicaid or were uninsured. We also assessed each hospital's local medicallegal environment using county-specific average malpractice insurance premium for obstetrics-gynecology reported by major insurers in the Medical Liability Monitor annual rate survey. 30 
Statistical analysis
Following prior research, 26, 31, 32 when evaluating hospital performance on utilization of TOLAC, we used a hierarchical generalized linear model with logit link, binomial distribution, and hospital random intercept for risk adjustment (see Appendix C for a complete list of risk factors included). Based on results from this model, we calculated riskstandardized rate of TOLAC utilization for each hospital.
Likewise, we estimated riskstandardized rate of TOLAC success (among births that attempted labor) for each hospital. Analysis of TOLAC success rate was limited to hospitals with at least 25 TOLAC births in 2010e2012 to ensure a reasonable volume for estimation. For each hospital, we calculated the 95% confidence intervals (CIs) for its observed rates of TOLAC utilization and TOLAC success using the exact binomial method, and we estimated the 95% CIs for its risk-standardized rates using a bootstrap method.
Variation in TOLAC utilization and success rates across hospitals was assessed by coefficient of variation, defined as the ratio of standard deviation to mean multiplied by 100. A value greater than 15 generally indicates large variation. 33 We also examined the relationship between TOLAC utilization rate Hospital rank order based on observed rate (N=249 hospitals) 1  5  9  13  17  21  25  29  33  37  41  45  49  53  57  61  65  69  73  77  81  85  89  93  97  101  105  109  113  117  121  125  129  133  137  141  145  149  153  157  161  165  169  173  177  181  185  189  193  197  201 1  5  9  13  17  21  25  29  33  37  41  45  49  53  57  61  65  69  73  77  81  85  89  93  97  101  105  109  113  117  121  125  129  133  137  141  145  149  153  157  161  165  169  173  177  181  185  189  193  197  201 Hospital rank order based on observed rate (N=205 hospitals)
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Error bars reflect 95% confidence intervals. A, Hospital variation in rate of TOLAC utilization. B, Hospital variation in rate of TOLAC success among births that attempted TOLAC (note that the observed rate of TOLAC success was 0% at the first 5 hospitals).
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and success rate among hospitals. A quadratic function was used for this purpose as the relationship demonstrated a non-monotonic pattern.
To examine the impact of TOLAC on birth outcomes and resource use, we identified hospitals that had riskstandardized rates of both utilization and success above the respective sample medians (referred to as high utilization and high success rates hospitals hereafter). We compared maternal and newborn morbidities, as well as maternal and newborn length of stay, between births that occurred at high utilization and high success rates hospitals and
To identify institutional characteristics associated with a hospital's utilization and success of TOLAC, we compared characteristics of high utilization and high success rates hospitals with other hospitals. To elucidate potential mechanisms of such association, we further examined the relationship between various institutional characteristics and risk-standardized rate of TOLAC use and TOLAC success, separately. A c 2 test (for categorical variables) and Wilcoxon rank sum test/Kruskal-Wallis test (for continuous variables) were used for this purpose.
For multicategory variables that showed overall significant association, we further performed pairwise comparisons between categories with correction for multiple comparison. All data analysis was performed using SAS version 9.4 (SAS Inc, Cary, NC).
Results
Sample characteristics
Most mothers in our sample (74.6%) had 1 previous birth, whereas the rest had 2 or more prior births (Table 1) . Median maternal age was 30 years, 47.3% of the mothers had Medicaid coverage, and 52.1% were Hispanic. Among mothers, 27.6% were obese or morbidly obese, 6.2% had hypertensive disorders, and 12.8% had diabetes or abnormal glucose tolerance. For fetuses, 13.8% were large for gestational age, 13.0% had group B streptococcus infection or colonization, and 3.6% had isoimmunization. Relationship between utilization and success rates of trial of labor across hospitals
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The solid line in each figure reflects the predicted relationship between utilization and success rates of TOLAC among hospitals, and the dashed lines reflect the 95% confidence intervals. A, Relationship between observed rates of TOLAC utilization and success. B, Relationship between risk-standardized rates of TOLAC utilization and success. Utilization and success rate of TOLAC, however, varied considerably across hospitals. Adjustment for patient clinical risk factors had little impact on the variation (Figure 1, A and B) . Median risk-standardized rate of TOLAC utilization was 35.2% among the 249 hospitals (10th to 90th percentile range, 10.2e67.1%, coefficient of variation, 59.8) (Figure 1A ). Of the 249 hospitals, 205 had at least 25 women attempting TOLAC, and their median riskstandardized success rate was 40.5% (10th to 90th percentile range, 8.5e81.1%, coefficient of variation, 63.8) ( Figure 1B) .
The relationship between hospitals' TOLAC utilization rate and success rate demonstrated an inverted U shape. When TOLAC utilization was below 53.3%, the success rate was positively associated with utilization rate; however, among hospitals with TOLAC rates above 53.3%, higher utilization was associated with lower success rate (linear slope, 1.64, P < .001; quadratic slope, e0.02, P < .001) (Figure 2A ). A similar relationship was observed between risk-standardized rates of TOLAC utilization and success (linear slope, 2.22, P < .001; quadratic slope, e0.02, P < .001) ( Figure 2B ).
Birth outcomes
Compared with other births, those delivered at high utilization and high success rates hospitals had a higher risk for uterine rupture (adjusted risk ratio [aRR], 2.74, 95% CI, 2.08e3.62) but similar maternal risk for peripartum hysterectomy, blood transfusion, and overall severe morbidities ( Table 2) . Maternal length of stay was shorter at high utilization and high success rates hospitals (adjusted mean ratio, 0.948, 95% CI, 0.941e0.954).
Newborns at high utilization and high success rates hospitals had a lower risk Table 2 ). The risk for overall severe newborn complications, however, was significantly lower at high utilization and high success rates hospitals (aRR, 0.86, 95% CI, 0.78e0.93). Newborn stay was shorter at high utilization and high success rates hospitals than other hospitals (adjusted mean ratio, 0.924, 95% CI, 0.918e0.930).
Institutional characteristics
Compared with other hospitals, high utilization and high success rates hospital were more likely to be teaching hospitals or have a system affiliation, larger volume, level IV neonatal care, high proportion of midwife-attended births, or low proportion of Medicaid/uninsured patients (Table 3 ). In contrast, forprofit hospitals and hospitals in counties with higher malpractice insurance premium were less likely to have high utilization and high success rates.
Further analysis of TOLAC utilization and success rates separately showed that teaching status, system affiliation, volume, level IV neonatal care, high proportion of midwife-attended births, and low proportion of Medicaid/uninsured patients were positively associated with both TOLAC utilization and TOLAC success (Table 3) . However, for-profit ownership was associated only with a lower success rate, whereas rural location and higher local malpractice insurance premium was linked only to lower TOLAC utilization. Twenty-four hour on the premises coverage of anesthesiologists was associated both higher TOLAC utilization and success but not the likelihood of being a high utilization and high success rates hospital, possibly because of the relatively small sample size.
Comment
We found large variation across hospitals in California in their utilization and success of TOLAC. Hospitals with relatively high rates of TOLAC utilization and success generally had comparable birth outcomes but shorter length of stay compared with other hospitals. Several institutional characteristics were significantly associated with hospitals' utilization and success of TOLAC.
Although outcomes of the current birth at high utilization and high success rates hospitals were similar to other hospitals, it is important to consider that reduced use of cesarean in these births can benefit mothers in their future pregnancies. It is well established that maternal and fetal risks for adverse outcomes, such as placenta previa, morbidly adherent placenta, and perioperative morbidity/ mortality, progressively increase with each additional cesarean. 5, 35 Moreover, we observed significantly shorter length of stay at high utilization and high success rates hospitals than other hospitals. Appropriate use of TOLAC may therefore help conserve medical resources and improve maternal outcomes in the long run.
We identified several factors that may influence a hospital's use of TOLAC. Teaching status, rural location, volume, neonatal care level, and anesthesia availability are likely surrogate indicators for overall capability of obstetric care. Hospitals with lower capabilities and fewer on-demand resources may have greater concerns about back-up support in case of obstetric emergency (eg, availability and experience of obstetric providers, surgical assistants and technicians). Likewise, litigation risk of adverse outcomes could prompt providers to limit TOLAC use, as observed in previous research showing higher rates of cesarean delivery in places with more litigious medical-legal environment. 8 In contrast, hospitals with more midwife-attended deliveries may have a less interventional culture, 36 and system-or networkaffiliated hospitals may benefit from shared resources, expertise, and standardized safety and quality improvement processes. 37, 38 Therefore, future efforts providing additional support to lowercapacity hospitals (eg, enhanced simulation training and staffing models), tort reforms to reduce litigation concerns, and integration of a midwifery model of care may help promote TOLAC use.
However, increasing TOLAC utilization alone is not sufficient. Among hospitals with similar utilization rates, we found wide variation in success rates. Further evaluation of practices (eg, selection of candidate patients, approaches to labor augmentation/induction, and thresholds to intervene) at successful hospitals, especially those with high utilization and high success rates, will be informative. Moreover, we identified several institutional characteristics associated with TOLAC success rates. In particular, for-profit ownership and a high proportion of Medicaid/uninsured patients were associated with lower success rates. For-profit hospitals may have a stronger financial incentive to perform cesarean deliveries, and prior literature has shown lower vaginal birth rate at for-profit than not-for-profit hospitals. 39 Hospitals with a higher safety-net burden (Medicaid/uninsured patients) may have more socially and economically disadvantaged patient population, which can complicate their care. Efforts to better address these patients' needs and attention to potential disparity in care may help improve outcomes.
The inverted U-shaped relationship between utilization and success rates of TOLAC suggests a need for more cautious patient selection at hospitals with very high TOLAC rates. Excessive use of trial of labor can increase the risk for cesarean delivery, uterine rupture, and other serious maternal and neonatal complications. 40, 41 Careful consideration of factors that influence a woman's chance of success (eg, previous vaginal delivery and indications for previous cesarean) is important during patient selection.
6 Adoption and refinement of prediction models for TOLAC success (eg, validation at nonacademic hospitals and understanding the role of race) may be helpful as well. 6, 42 Furthermore, the TOLAC utilization rate in which the success rate was maximized in our analysis is sample dependent. Its exact value may vary when studied in different cohorts of hospitals with different patient characteristics and practices. Hence, caution is needed to not interpret it as an ideal TOLAC rate to target. g Because nearly half of the hospitals had no live births attended by midwives, we used 0% and upper quartile (8.6%) of the variable distribution to determine the cutoffs for defining the low, medium, and high categories;
h Hospitals with a high proportion of midwife-attended births differed significantly from hospitals with low and medium proportion of midwife-attended births in pairwise comparison (after correcting P values for multiple comparison); i Hospitals with low, medium, and high proportion of midwife-attended births differed significantly from each other in pairwise comparison (after correcting P values for multiple comparison); j Variable was categorized as low, medium, and high using the lower and upper tertiles of its distribution as the cutoff values; k Hospitals with a low proportion of Medicaid-covered or uninsured births differed significantly from hospitals with medium and high proportions of Medicaid-covered or uninsured births in pairwise comparison (after correcting P values for multiple comparison); l Hospitals with a low proportion of Medicaid-covered or uninsured births differed significantly from hospitals with a high proportion of Medicaid-covered or uninsured births in pairwise comparison (after correcting P values for multiple comparison). Several limitations of this study should be acknowledged. First, as a single-state analysis, our findings may not generalize to other areas in the United States. Second, administrative and birth certificate data may lack sufficient detail or accuracy for measuring TOLAC-related variables, clinical risk factors, and obstetric outcomes, which may result in misclassification. However, research supports that combining information in hospital discharge record and birth certificate, as in our study, can enhance quality in measurement of obstetric variables. 43 Third, we could not distinguish the type (eg, low-transverse vs low-vertical incision) or reason (eg, labor arrest vs other nonrecurring indications) of prior cesarean, which might affect patients' risk for adverse outcomes. 6 Moreover, we excluded births in which the mother was transferred in from another facility since we might not have complete information about their care. Because these births likely involved obstetric emergencies associated with TOLAC, we might underestimate morbidities for TOLAC. However, this affected only a very small number of births, and they were not clustered within any given hospital. Its impact on our evaluation of hospital variation should be minimal.
Appropriate use of TOLAC plays an important role for safely reducing cesarean delivery and improving patient outcomes across the reproductive health span. Our study showed wide variation in hospitals' utilization of TOLAC and identified opportunities for improvement. Trial of labor should be encouraged at hospitals with low TOLAC rates, yet more cautious patient selection may be needed at hospitals with overly high TOLAC rates. The institutional characteristics associated with hospitals' utilization and success rates of TOLAC can help target future research and intervention activities to improve patient access while optimizing success. n
To inform the impact of TOLAC on resource utilization, we also assessed maternal and newborn length of stay for each birth. Maternal length of stay was calculated as the number of days between date of admission and date of discharge for the childbirth hospitalization. Newborn length of stay was measured as the number of days between the newborn's date of birth and date of discharge from the initial childbirth hospitalization. 
